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INTRODUCTION

This is the 21st report in n continuing series of documents issued at launch, and quarterly, thereafter to
present flight performance annlyses of the Landsat-1 Spacecraft, Previously issucd documents are;

728D4255

728D4262

728D4224

738D4249

738D4260

738D4274

748D4205

748D4217

748D4236

74SD4255

758D84222

758DS4228

768D84255

758D84266

768D84207

1.8-1

ERTS-1 Launch and Flight Activation
Evaluation Report 23 to 26 July 1972

ERTS-1 Flight Evaluation Report
24 July 1972 to 23 October 1972

ERTS-1 Flight Evaluation Report
23 October 1972 to 23 January 1973

ERTS-1 Flight Evaluation Report
23 January 1973 to 23 April 1973

ERTS-1 Flight Evaluation Report
23 April 1973 to 23 July 1973

ERTS-1 Flight Evaluation Report
23 July 1973 to October 1973

ERTS-1 Flight Evaluation Report
23 October 1973 to 23 January 1974

ERTS-1 Flight Evaluation Report
23 January 1974 to 23 April 1974

ERTS-1 Flight Evaluation Report
23 April 1974 to 23 July 1974

ERTS-1 Flight Evaluation Report
23 July 1974 to 23 October 1974

Landsat-1 Flight Evaluation Report
23 October 1974 to 23 January 1975

Landsat-1 and Landsat-2 Flight
Evaluation Report
23 January 1975 to 23 April 1975

Landsat~1 and Landsat-2 Flight
Evaluation Report
23 April 1975 to 23 July 1975

Landsat-1 and Landsat-2 Flight
Evaluation Report
23 July 1975 to 23 October 1975

Landsat-1 and Landsat-2 Flight
Evaluation Report
23 October 1975 to 23 January 1976

18 October 1972

28 November 1972

27 February 1973

29 May 1973

10 August 1973

28 November 1973

26 February 1974

18 May 1974

15 August 1974

31 December 1974

30 April 1975

15 August 1975

10 October 1975

1 December 1975

29 February 1976

vit




768D84248 Landsat-1 and Landsat-2 Flight 14 July 1976
Evaluation Report
23 January 1976 to 23 April 1976

76SDS4263 Landsat-1 and Landsat-2 Flight 15 October 1976
Evaluation Report
23 April 1976 to 23 July 1976

768D8S4278 Landsat-1 and Landsat-2 Flight 30 November 1976
Evaluation Report
23 July 1976 to 23 October 1976

77SDS4204 landsat-1 and Landsat-2 Flight 22 February 1977
Evaluation Report
23 October 1976 to 23 January 1977

77SDS4228 Landsat~1 and Landsat-2 Flight 23 May 1977
Evaluation Report
23 January 1977 to 23 April 1977

This report contains analyses of performance for Orbits 24193 to 25464.

viii 1.8-1
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SECTION 1
SUMMARY LANDSAT-1 OPERATIONS

Landsat-1 continues to perform {ts mission nominally, and has completed 5 years of successful operation,

The Landsat-1 spacecraft was launched from the Western Test Range on 23 July 1972, at 18:08:06. 5082,
The launch and orbital injection phase of the space flight was nominal and deployment of the spacecraft
followed predictions. '

Orbital operations of the spacecraft and payload subsystems were satisfactory until Orbit 147, 3 August
1972, when an internal short circuit disabled one of the Wideband Video Tape Recorders (WBVTR-2).

In Orbit 196, 6 August 1972, the Return Beam Vidicon failed to respond when commanded off, The RBV
was commanded off via alternate commands. Landsat-1 continued to perform its imaging mission with
the Multispectral Scanner and the remaining Wideband Video Tape Recorder providing image data,

The remaining Wideband Tape Recorder (WBVTR-1) experienced four suspensions of operation, the last
being in Orbit 9881 on 2 July 1974, and has not been used operationally since.

In Orbit 4396, 3 June 1973, an integrated circuit chip in the TMP failed, disabling four TLM functions.
COMSTOR "B" has an intermittent problem with cell 12, and is not being used operationally.

The "B" section of the USB with full power output of 1.5 watts was substituted for the ""A" section in Orbit
10068 15 July 1974, because of excessive decline of transmitter power.

The pitch flywheel stoppéd for 2 minutes in Orbit 8040, 20 February 1974; and for 8 hours, 2 minutes in
Orbits 11125 to 11130, 29 September 1974. It has been kept close to zero speed ever since, using pitch-
bias control.

The RMP was switched from B to A in Orbit 11257, 8 October 1974, as a precautionary measure after
RMP B began showing current variations.

The DCS subsystem was turned off after Orbit 12690, 19 January 1975, and the function assumed by DCS
in Landsat-2,

Narrow Band Recorder 2 became noisy and was turned off in Orbit 13015, 12 February 1975. Operation
of NBR 2 resumed in Orbit 14116, 2 May 1975, until failure in Orbit 15253, 22 July 1975, when its opera-
tion was terminated.

Battery 6 was turned off from Orbits 13346, 7 March 1975, to 14100,30 April 1975, due to electrical char-
acteristics causing high temperatures. Between Orbits 14780, 18 June 1975 and 15467, 6 August 1975,
Battery 6 was turned off again due to high temperature. Because high current transient occurred at Battery
6 turn-on in Orbit 16467, 6 August 1975, the battery turn-on command is temporarily suspended from use.
Seven batteries remain on-line.

The pitch flywheel stopped again for 45 minutes in Orbit 16309, 26 July 1975, and 3 minutes in Orbit 15312,
26 July 1975. Pitch flywheel motor driver duty cycle remained high from Orbit 15191, 18 July 1975 to
Orbit 15393, 1 August 1975, when it returncd to normal. MS8 operation was suspended during the pitch
flywheel anomaly between Orbit 15309, 26 July 1975, and 156393, 1 August 1975,

Battery 8 was turned off in Orbit 15588, 15 August 1975, duc to clectrical characteristics causing high

temperature and will not be returned to service because of the battery "ON" command problem. Six
batteries remain on-line,

LS-1 1-1




The rcar ACS scanner had intermittent clectrical failurcs boginning in Orbit 19078, 21 April 1876, and it
fatled in Orbit 19086, 22 April 1876, The spacecraft was switched to single acanner mode (forward seanncr)
in Orbit 19089, 22 April 1976, and normal ACS operation was resumad,

A serics of Orhit Adjust firings from October 20 to Novembor 8, 1876; and from January 7 to January 28,
1977 were performed to ndjust time phasing botween Landsat-1 and Landeat-2. This also changed the
repeat cycle pattern coverage of Landsat-1 and Landsat-2 from a 9 duy/9 day to a 12 day/6 day coverage,
Landsat-1 was designated non-operational from October 20, 1976 to January 28, 1977 while the orbit adjust
sequence was in progress.

Battery 5 turned off in Orbit 22605, 31 December 1976, due to clectrical characteristics causing high
temperature and will not be returned to o 1ee becausc of the battery "On' command problem. Five
batteries romain on line,

The position of the sun with respect to the Landsat 1 orbit after five years, cycles in and out of the sun-
sensor detector response angle. The solar panels have tracked the sun with periodic offset errors and the
resulting sun position and panel tracking offset errors have reduced the solar array output. The solar
array, however, has supplied sufficient power for the spacecraft operation.

Sensors 1 through 6 (Band 1) of the MSS were turned off because of a power supply failure during Orbit
23480 on 3 March 1977. The MSS is now operating with oaly 3 of its 4 spectral bands.

See Table 1-1 for a summary of payload in-orbit operation.

1-2 LS-1
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Table 1-1, In-Orbit Paylond System Performance Launch Thra Orbit 26515 (7/27/77) Landsut-1

RBV

MNos

DCS

WPA-1

WPA-2

WBVTR-1

WBVTR-Z

Tolal Scenes Imaged

Avg, Scenes/Day

Total Aren Imaged (millions of aq, n,mi,)
ON TIME (hr.)

ON/OFF Cycles

‘. Real Time Images

i Recorded Images

Total Scenes Images

Avg, Scenes/Day

Total Area Imaged (millions of 8q. n.mi,)
ON TIME (hr.)

ON/OFF Cycles

% Real Time Images

G Recorded Imeges

Messages at OCC
Non-Perfect MSGS

Max, DCP's ACTIVE/DAY
Users

Avg., MSG/ACTIVE Orbit
ON TIME (hr.,)

% Real Time Mode
% Playback Mode
ON TIME (hr.)
ON/OFF Cycles

% Real Time Mode
% P/B Mode

ON TIME (hr,)
ON/OFF Cycles

% Record Mode
% Playback Mode
% Rewind Mode
% Standby Mode

1,690

{1
14,7
14,0

1)

07

4

262,771
163

2, 200
2,718
18,502
82

18

1,152,045

90,691

114

44

181
21,820,2

&
&

45
J2,2

q1d

79
21
2,617
16, 304

38
41
20

1

Minor Frame Sync Error Count in P/B (Failed Orbit 9, 881)

Time Head-Tape Contact (hr.)
Cycles Head-Tape Contact
ON TIME (hr,)

' Record Mode

% Playback Mode

% Rewind Mode

% Standby Mode

MFSE Count in P/B (Fuiled Orbit 148)
Time llcad-Tape Contact (hr.)

Cycles Head-Tape Contact

ON TIME (hr.)

732.8
11,954
927.6

38
41

20

b=/
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SKECTION 2
ORBITAL PARAMETERS

The Initial orhit of Tandsat-1 required some correction during Orbita 38, H, and 1 o achiove the desived
1R-dny repeat cycle,

During Orbits 9K, 2416, G300 and 7826 it wap necessary o five the =X thraster of the orbit adjunt system
to maintain the ground trace in the desired 18-dny repeat pattern of 1+ 10 nm,

On 29 Scptember 1974, the ACS control aystem fired gas during o spaceeraft emergeney (piteh flywheel
atoppage) which resulted in an unplan «d orbit chunge similar to firing the =X thruster,

The +X thruster was fired during Orbits 11367, 11464, 18611, 19747 and LU871 i order to maintain the
18-day repeat cycle ground trace within + 10 nm,

A 101 day orbit adjust program commenced in Orbit 21618 (20 October 1976) und lasted through Orbit 23007
(28 January 1977), This program increased the time separation between the Landsat spacecerafts by 12,17
minutes to remain within the operational time limits for ground station turn-around time to track the space-
crafts in successive passes, Another consequence of the 101=day orbit-udjust program wus the change of
the Landsat-1 - Landisat-2 combined earth coverage repeat cycle from a nine day - nine day schedule to o
twelve dey - six day schedule; i.e., Landsat-2 will puss over a point on carth twelve days after Landsat-1's
passuge. Six days after Landsat-2 crosses this point, Landsat-1 will pass over it again.

Current orbital parameters are given in Table 2-1.
Figure 2-1 shows the longitude error as a function of time and orbit maintenance burns. The longitude
errors have been maintained within + 10 nm in the east-west direction at the cquator as planned. Figurc

2-2 shows mean local time at the descending node. Figure 2-3 shows predicted mean time of descending
node. Appendix B gives the ground trace repeat cycle predictions.
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Figure 2-1, Effect of Orbit Adjusts on
Landsat-1's Ground Track
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POWER SUBSYSTEM (PWR)
LANDSAT-1




SECTION 3

POWER SUBSYSTEM (PWR)

The solar array continued to provide excess energy for the payload and spacecraft load throughout this re-
port period, Auxiliary loads dissipated the excess power above the battery and load requirements using
Landsat-1 power management procedures, The power subsystem is predicted to have adequate power through
1977 for the present Landsat-1 payload usage schedule, No compensation loads were used,

Midday solar array current is shown in Figure 3-1, Figure 3-2 shows actual and predicted midday solar ar-
ray degradation, Solar array degradation was 35, 9% at the end of 60 months in orbit, Figure 3-3 shows actual
sun angles to the spacecraft and solar panels, Figur. 3-4 is a prediction of sun angle through 1977 for Land-
sat-1 and 2,

Since August 30, 19875, the batteries have been kept slightly undercharged to avert the possible recurrence of
a run-away condition, Batteries 5, 6, and 8 were turned off as previously reported., These batteries will re-
main off because of the "All Battery On' command restriction resulting from the anomaly reported previously.
Five batteries are now supporting operations and are adequate for the current limited payload operations.
Temperatures ranged from 15,4 to 31, 3°C and battery packs averaged a typical 8.2% Depth of Discharge
(DOD) at the beginning of the report period and 10, 3% (DOD) at the end of this report period, Table 3-3 is a
history of Landsat-1 Battery restoration cycles and turn-off,

The power system electronics periormed well in this report period with all voltages stable, Table 3-1 shows
major subsystem parameters and Table 3-2 shows power subsystem tele setry for selected orbits. Some
parameters in Table 3~2 may differ slightly from Table 3-1, because T¢ble 3-1 uses a power management
time span (night followed by a day); whereas, the time span used in Table 3-2 is the playback period for the
NBR,
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Tahle 3-3, Landsat~1 Bnttery Rostoration Cyeclen

| 2 3
e B
r (n'bltA { 22600
O 1 pata 12-30-76
Batt 6 e
[ Orbit N
“n Date
Orbit 13316 11780 Q3832
ofr A EREEIE ERti o
Date 3-7-75 G-18-75 J-2K8-77
Batt ¢ . e A e
Orbit 14100 15467+ +
On ™ hate 4-30-75 | 8-6-75
| orbit 15688
Off
Date 8-15-756
Batt »
o 4
On Orbit
Date !

*Since "All Battery On'" high current transicnt anomaly in Orbit 15467
on 8-6-76 the " All Battery On" command is resiricted,  Batteries
turned off after that date will remain off
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SECTION 4
ATTITUDE CONTROL SYSTEM (ACS)

During this report period, Landsat-1's ACS system performed normally in the Forward Single Scanner Mode,

Due to the large Beta angle, Landsat-1's sur sensors are sometimes unable to maintain solar array attitude
for maximum sun illumination, Landsat-1's orbit has regressed with time and Beta angle (the angle between
the orbit plane and the sun) has increased to a level that sometimes exceeds the sun sensors' fields of view,
Figure 3-4 shows Beta angle plotted as a function of time, Tracking errors commenced when Beta was approxi-
mately 46, 59, Historically, solar array tracking errors first appeared in mid-January 1976 and lasted through
March .976, They reappeared in December 1976 and continued through April 1977, The Right Solar Array
Drive (RSAD) sun sensors were particularly affected.

During this report period, Pitch flywheel duty cycle was stable and averaged approximately 5% in both the clock-
wise and counter clockwise directions,

With pneumatics disabled, no gating occurred. The remaining freon and gating status curves are unchanged,
See Figures 4-1, 4-2 and 4-3,

RMP 1 functioned normally,
The Forward Scanner pressure continues its slow decrease,
Pressure/temperature ratios have all been satisfactory,

Tables 4-1, 4-2 and 4-3 are summaries of telemetry values for Landsat-1's Attitude Control Subsystem.
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Table 4-2, Landsat~1 ACS Voltages and Currents QUALITY
Ornt - - 4'
O Tt I I ;_‘ T
Funetion Units B S094 10ia2 Poei IR $2928 ol U on05y booasdan
et |
TO5T CLE Pawer Supply A olts TMV 2. 2,78 2T 2.7 N0 2,78 2,77 T—‘ 77 T LT
o |
Tomd RNIP I MTR Volis voe OFF OFF OFF -8, 1) -, 14 ~30, 14 -J0, 34 -3u, 34 i ~d0,10 :
1082 RAMEP | MTR Current Amps | OFF OFF Ory 0 11 0,11 0,11 0,13 !' 0,11 '
i
1080 RMP 1 Supply Volts Voo OFF OFF OFF ~24,7m -28,74 -23.77 23,78 28, Tn -2, w0 i
1091 RMP 2 MTR Volts voe =207 | -20,68 | -28,63 | OFF Ory (93543 OFF OFF [£) 3 S
1092 RAIP 2 MTR Current Amps U, 10 [ T] 0,11 OFF OFy orr OFF OFF Gry
1080 RMP 2 Supply Volts VOO [ 28,4 ] 2,041 | -28,50 | o OFF UFF OFF OFF OFF -
1520 SAD RT MTR WNDNG Volts | vDC -8 ~4,2§ -3.49 -3, 85 ~4,20 - 3.7 - 3.68 - 3,68 UL
1240 SAD LT MTR WNDNG Volta vDe -4, 8 4,09 -3, 46 -3, 48 -3.65 - 3,57 - 3,52 - 3,37 - 3,35 ,'
1227 SAD RT -15 VDC Conv, vDe 4.9 | 14,88 14,89 14,97 14,87 14,85 14,88 14,47 4,87
1247 SAD LT -15 VDC Conv, vbe 15,2 | 15,18 15,14 15,06 15.13 15,08 15,09 15, 0% 15, 10
1036 CLB + 6 VDC ™V 2.4 2,35 2,05 2,15 2,35 2,35 2,45 2,35 245
1055 CLB + 10 VDC TMV T™MV 2,75 2,75 2,74 L1 278 2.7 273 2.73
Table 4-3, Landsat-1 ACS Attitude Errors and Driver Duty Cycles
Orbits :
Function Units 13198 13569 14001 15254 264 22028 24618 25050 1 20405 !
- —— - 4
1141 Pitch Fine~Error * . DEG - 0.40 - 0.08 - 0,02 - 21 -1 - 0,78 - 0.06 - 0,08 i - 0,08 ! (
1143 Pitch Flywheel Speed RPM ~ 10,49 - 26,86 - L, 12,92 76,17 36,64 -51.85 -85, 76 ' -56.01 | |
. i i 1
1033 Pitch MTR DRVR CCW PCcT 4,96 5,81 4.53 3.2 2,69 1,10 j 2.45 2.78 I 1,73 !
. i

1039 Pitch MTR DRVR CW PpcT 2,29 2,17 5.10 19,65 1.4 0,85 ] 0.29 0.12 ! 0.26 i

1030 Roll Fine Error e DEG - 332 - 0,20 -~ 0,20 - 2.0 -2, 70 -2.47 - 1. 48 l - 2,71 L. 2. 6K !

1127 Roll Rear Flywheel Speed RPM 715, 7% 756, 82 782, 0% 714,05 720,205 734,76 726.82 : 719,42 ' TN 42

] ) i

1126 Roll Fwd Flywheel Speed RPM 641, 82 674,47 693, 81 641,82 | g0, w0 650,05 648.01 ' 640.21 | ¢40.2¢ i

1022 Roll Rear MTR DRVR CCW PCT 0.01 0,68 0,90 13 .96 v, 00 0,08 ' 0.00 . w00 i

1025 Roll Rear MTR DRVR CW PCT 4,28 5,22 5,52 4.17 3,61 4.84 5,04 ' 4.99 4.%3 |

H i )
H v
1023 Roll Fwd MTi DRVR CCW PCT 0.01 0,66 0,72 LON ) 0,00 0,04 ] 0.01 ' oozl
H . i
H I i

1024 Roll Fwd MTR DRVR CW PCT 14,15 1,94 5,385 4024 WN16 4,00 .27 424 4320 |

1035 Yaw Tach RPM | -206, 08 -116. 60 - 93,72 ~169,52 | -200,01 101,10 | -140.%5 | -217.28 ‘ <325, 26 ;

1033 Yaw MTR DRVR CW PCT 0,04 1.68 1,94 N D 6,11 0,40 0. 00 ' W }

!

1034 Yaw MTR DRV'R CCcw PCT 0.07 1.60 1.76 s 07 0,64 0.79 0. 66 } 0.73 l .

1221 SAD Right Tach DEG/MIN 3.37 4.37 2.4 3,87 e 4,00 441 342 | BRI ‘

1241 SAD Left Tach DEG MIN| 2w L 24 279 R n 2.5 27w ’L 2one i

NOTL: Tabulation of these functions began attes the pitch flvwhee! anomaly (stoppedy n Orbit 11125, 1

* Piteh tane brror is high due to ase of Piteh Position Thas (PR to control iteh wheel speat on :
some ortits which rase the average ceror atove that of normal attitwde without 1000,

** Roll Fine Error is high due to use of High Gain Robl Dnfferential Lachomcto s suade (o o] Rolt ;
wheel speed wlhieh rases the average ceror alane that of nornal attitade s M Gage Rl Ehtlo o nt s |
Tachometer male, :
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" SECTION 5
i COMMAND/CLOCK SUBSYSTEM (CMD)

The Command Clock Subsystem operated nominally in this report period. Figure 5-1 shows the history of
the 8/C clock drift since launch. Figure 5-2 shows the cumulative clock drift, 16.964 seconds slower in
60 months, and Figure 5-3 gives the drift rate of the 8/C clock, an average of 0, 666 msec slow per orbit,

In this period, the drift rate is at the average rate of 0,094 msec slow per orbit. The clock in Landsat-1
drifts in opposite direction from the clock of Landsat-2.

Table 5-1 shows typical telemetry values since launch. All are nominal.

1.8-1
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Figure 5-2, Cumulative Clock Drift
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Figure 5-8, Drift Rate of Spacceraft Clock

1s-1

shiias sweweiy vy vy A v




iy v me

A

e gt

' ! | ( .
ORIGINAL PAGE Id
OF POOR QUALITY
Table 6~1, Landsat-1 Command Clock Tolem otry Summary
l:";:::'"" Name Misle it b
. N “ml_h_':’ [N BTN epdoiors | oatuen | oangne
LU Pre Power bupply Temp - [N REZR T IRURYTH S UO T BTN BTN TYS TR ELIR TN BN TR TN
L el Povwor Supply Tonip v Do Th | e boanan b vzion | 97 33| 97 90| a6 04 [ d6 ox) a6 o
r? PriCEmes Temp [ LR T A T B TIPS A TR oan [ Mgt om0 9.0t
LT e, O, Femp <€ o7 a0 REN M (T 1Y S, in KT ) onon RN} HL T
LT Pri. Cme, it TAN N, u o auy ([ 09, .9 (LTI oty (LIS
KOl Resl e tmtpn L RV1Y t v " ‘e . . oo o Iy
K1l 100 ki M- Rl ERIAN NN Joto 4 a4, 1ol b0 3 le 410 4.0
LU H 10 hiie M-l RS G 407 S0m 9 on 3,08 dour 307 307 d.07
(1N PR NTHE Pric fted ERNY PR 20 200 280 .00 BRI 2.0 20 AN
LUAY 100 )12 ey < e, TMV 4.0 L] f.40 .40 4. 40 4.4n .40 1.40 4. 40
#0116 Pric w4 v Powoer Suppl, Pr ClvoN | vie 110 il i1 4. 10 1.08 .08 .07 407 i,un
w01y Reds o v Power Supply Hed. Clk ON | y1C 4,94 3,05 3,06 3,95 3,062 3.0t ER) 391 91
8017 Pri. 16V Power Supply Pri. Clk ON | vie 6.0t 607 6.7 6. 11 6.061  6.00]) 6,07 606 6. 06
LIL ) Rad, +6 ¥ Power Supply Red, Clk ON|[ VDO 6. 00 a0 5,04 5,97 5.93 o 93 5,03 5. 93 PR
ROty Pri. ~0 ¥ Power Supply Pri. Clk On | Ve 02| 6,02 -6.03 | -804 | <602| -s02] 6,02 6021 -6,02
K020 Heed, -6V Power Supply Red, CIkON | e 0,00 | ~6.00 | <. 600 [ ~b,0) S5.99 1 -5 001 5,00 | <5,09 | -, 99
*021 Pri. <23V power Supply Pri. clk ON | v ~22,88 122,80 | -22.89 | <22.95 |22, 8n <22, 0% [ 22,40 {22, 88 | -22, 88
22 Hed, -23 ¥ Power Supply Red. CILON | VDO =28.08 o238, 00 -23,01 | -23,06 .22 90 | -02. 90 ~22,09 [~22,9% | <22, 98
B2y Pri. <29 V Power Supply Pri. Clk OGN | ADC +29.13 [-20.16 | -29.15 | ~29,15 |.2 .16 | 29,15 | <29, 14 [-~29,14 | -29. 18
8024 Red, =29V Power Supply Rud, CIk ON | VI =2,07 [-20.20 (20,21 [~29,2) [-20.21 { -29. 21 20,21 |20, 21 | ~28,21
siot ClrA-12y CIA Aoy e SIS 02,80 112,89 T <12.38 S12.34 ) -12.88 [ 12,34 [-12,34 -12,34
8102 CluB-12y Clt B ON e S12.26 (12,28 | <p2, 20 e1g, o0 [ot2, 2 120 112,24 -12,24 | ~12,24
5103 ClUA-GY CIt A ON e =532 1 2034 -6.88 | -5.31 | -5.3¢ 034 008 | ~5.38 | -5.34
4104 ClUB-5V Cit' B ON Vi 8h.31 | A | wsat ) s | cam “adbd o naue [ as30 ] S50
LI CIU A Temp CI A ON Ny QL47 | 36T [ 2504 | 200! 24 doc 0] 23 4m | w342 28,70
8104 Cit' B Temp I 8 ON Ay 00 | 2a80 ] 26,45 | 2400 | 24, Ho25.73 0 23,90 [ 23.74 ] 24.00
204 Reeener RE-A Temp - o . ¢ 26T | 27,63 | Looan | 27,45 | 25,08 | 25,57 | 25.m0
202 Recewer RE-B Temp - °C 2r.us | 22 (a4 b 17.47 | 18.31 15.79 | 15.82 | 16,22
8203 D MOD A Temp - < .40 .73 avom | 3 a1 | as.40] g3 B2 35,22 | 85,25 | 45,62
8204 D MOD B Temp - kol Aocod | e ot [ 2e 2| o2ae7 | 28 | zaonn | oo 34 1 22,39 | 22088
a205 Recener A ALC Recener A DuMm .t * 06,77 | -#5. 62 | -05.73 | -03. 44 -93.91 (-95.19 | -2, 33
ON
alng Recener 18 At Recewer B | DB 0L T (- 6T A A4 . A4 had * so
o\
H207 Amp. A Output Recelver A | TNV 1ad hid .31 i ) 2,46 2.47 2,52 2.49 2,66
ON
A208 Amp. B (utput Receiver B | T MV 2081 4,22 144 Aad A oo A4 A4 Aad
ON
“09 Frog. Shift Kev A Out leceiver A | TMY 144 Aad 1.1 Ln L.1e .1 L.l [ ] Lo
ON
8210 Freq. Shift Kev B out Reeeiver 8 | TMV Lo L 134 144 .. (44 A4 te hdd
ON
8211 Amp. A (utput Reeener A [ TMV .4 A 110 .10 Lo Lo t1 L L
0N
8212 Amp. B (utput Recenser B | TAIV (BB K] 113 \ad iad had A A A Aad
0N
8215 DMODA -GV Recewver A | TNV 144 14 5,00 a0 Lo 5. 00 4 80 4,98 4 08
ON
8216 DM Ry Recener 8 | TMV e 110 e i oo A . had Ad e
ON
2T Regulator A -0 v Recener A TMV 0o 141 a3 REN L S 40 3T 587 Ho3K
ON
IR Regulator 3 -10 Reecener 3 | Tagy o ooty o 12 oo .o oo L4 L4

ON

SAUmIts ot in use

i
|
i
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The Telomotry Subsystom has performed nominally during thin report poriod,

SECTION 6
TELEMETRY SUBSYSTEM (TLM)

EIS
ORIGINAL PAG
OF POOR QUALITY

Landsnt-1 uscd Momory Scetion 0.0 until Orbit 12, 666, 10 January 1975, after which it wans reprogrammed Lo
Memory Scetion 1,1 to he compatible with Landnat-2 telomery matria,  Memory Section 1, 1 continues
lo ho used in the telemoetry matrix.,

Table 6-1 shows typical telomotry values sinee Jaunch,

Table 6-1, TLM Telemetry Summary

l-‘u;\:ztlon Funetion Name Unit Lt

356 ] 10092 16233 22088 2461m 20000 20000
9001 Moemory Sequencer A Converter e 6. 35 G, 33 6,33 6,43 6,33 .38 [ R [ K]
0002 Memory Sequencer B Converter e LA +e LA s LR4 s L v
0003 Memory Scequencer Temp ¢ 19, H9 2108 21,30 21094 24,09 20,42 20,90 21, 60
9004 Formutter A Converter VDC 5,09 5,909 6,09 5.99 H,02 5,09 5. 09 6, 00
0005 Format B Converter vbhe b k= 4 L +o . o LA
0006 Dig. Mux A Converter vne 10,01 10, 04 10,07 to, 07 10,07 10,07 10, 0% 10,07
9007 Dig. Mux B Converter vDC i ‘e A * s s 144 s
0008 Formatter/Dig. Mux Temp °C 28, 60 24,89 20,00 23,55 37,00 27,31 26, Yn 20, 96
9009 Analog Mux A Converter vDe 26,01 21, 18 26, 20 26,82 26. 385 26, 33 26,35 26,80
9010 Analog Mux B Converter vDC “t L4 ¢ s 4o 4o +e (24
2011 A/D Converter A Voltage vbe 10,00 10, 07 10,07 10,07 10,07 10,07 10.07 10,07
8012 A/D Converter B Voltage vDC ‘e + +e +s +e * *e .
0013 Analog Mux A/D Converter Temp °C 25,00 26, 83 27. 49 25,63 32,50 27,38 27,47 28,19
9014 Preregulator A Voltage vDC 19,98 9.95 19,94 19,98 20,00 19, 89 19,89 19, 93
9015 Preregulator B Voltage VDC s * + o + 144 + L
9016 Reprogrammer Temp °C 22,00 22,50 22,53 22,50 32, 44 23,61 23.11 25,03
9017 Memory A Converter vbe 6. 00 5.99 6,00 5.97 6. 00 5.97 507 297
9018 Mcmory A Temp °C I7.61 17, 50 17.50 17. 50 19,92 16,83 16,69 17.00
9019 Memory B Converter vDe i hd *e * *e ** Aad e
8020 Memory B Temp °C 17.68 17,63 17,51 17. 50 20,61 17.05 16, 07 Iv.ol
9100 Reflected Power (Xmtr A) dBm 11,95 i2.32 12,38 11,37 13. 88 12.13 11.7% 12,50
g101 Xmtr B -20 VDC vDC ~19.75 ~19.76 ~19.756 10,84 19.75 =19, 76 -19.75H ~19,70
9102 Xmtr B -20 VDC vDC s A * s . o LA ad
9103 Xmtr A Temp °C 20,95 214 22,01 21,08 41,08 26,02 2H.17 hoon
9104 Xmtr B Temp h Y 21,69 21.856 22,76 22.901 43. 10 27,11 20, 35 30, KK
0106 Xmtr A Power Output dBm 26,12 26, 36 26,24 25. 00 25, 10 24, 71 24. 55 2868
9104 Xmtr B Power Output dBm . . o e ¢ » . o

*++Units not used since prelaunch
LS-1 6-1/2
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SECTION 7
ORBIT ADJUST SUBSYSTEM (OAS)

The Orbit Adjust Subsystem has been fired 51 times, 26 times using the -X thruster and 25 times using the
+X thruster,

The subsystem pressure/temperature parameters continue to be normal, There are 64,43 pounds of
hydrazine fuel remaining from an initial pre-launch load of 67, 00 pounds, Figure 2-1 shows spacecraft
ground track drift from standard orbit tracks and the effects of orbit adjustment. Tuble 7-1 is a summary
of OAS performance to date, and Table 7-2 gives average telemetry values for the off (quiescent) state.

1S-1 7-1/2
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SECTION 8
MAGNETIC MOMENT COMPENSATING ASSEMBLY (MMCA)
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SECTION 8
MAGNETIC MOMENT COMPENSATING ASSEMBLY (MMCA)

From launch through this report period Landsat-1's MMCA has been energized eleven times in seven
orbits, i.e., Orbits 73, 85, 110, 220, 11181, 11185*% and 11186*. The MMCA was operated in the carly
orbits to reduce +Roll pnecumatic gating. (*Encrgized 3 times in one orbit).

In Orbits 11181 and 11186, it was cnergized in the plus and minus Yaw dipole configuration respectively

in order to save freon gas by reducing the amplitude of the Pitch flywheel orbit frequency oscillation, In

a short successful test during Orbit 11185 the plus Roll dipole was temporarily energized to determine if a
positive roll dipole at the poles could unload the pitch flywheel, Upon test completion the Roll dipole wus
returned to 500 pole-cm.

No dipole adjustments were made during this report period.

The current dipole values are:

Pitch +2950 Pole~-Cm
Roll ~500 Pole-Cm
Yaw -3600 Pole~Cm

Telemetry Mcasurement shown in Table 8-1 shows that the dipoles are holding steady without drift.

Table 8-1. MMCA Telemetry Summary (Landsat-1)

Orbits
Number Name Units 35 5099 10182 15254 203864 22928 24618 25050 | 25455
4001 Al Board Temp °C 19,77 19,03 19,11 17:59 16,69 1K, 05 15, 50 15,66 | 16, 14
4002 A2 Board Temp °C 23,58 23,05 28,13 21,83 21,05 22,26 20, 08 20,17 | 20,60
4003 Hall Current ™MV 3,48 3,48 3,48 3,47 3,48 3,47 4,47 3,47 3, 1s
4004 Yaw Flux Density TMV 3,11 3,11 3,15 4,02 4,03 4,04 1,04 4y M 1.0
4005 Pitch Flux Density | TMV 3,18 2,51 2,52 2,52 2,52 2,52 2,52 2,52 1 ogn0
4008 Roll Flux Density T™MV 3,19 3,19 3,20 3,28 3,28 R R HRRDY I
LS-1 K-1/2
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SECTION 9
UNIFIED S-BAND/PREMODULATION PROCESSOR (USB/PMP)
LANDSAT-1
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The USB Subsystem performed all functions nominally during this per

SECTION 4

UNIFIED 8-BAND,/ PREMODULATION PROCESSOR (USB/ PMP)

Table 9-1 shows telemetry values since launch. Al are nominal,

Figure 9-1 shows the USB power output history since launch, Figure -2
Goldstone for a constant reference orhit in each evele since launch,, The

reflect variations in the ground station culibration and readout,

fod,

Table 9-1, Landsat-1 USB/PMP Telemetry Values

shows AGC readings at
scatter of data points

Functions Orbit

No. Name Units 35 5099 10592 | 15233 20364 | 2292x 24618 25050 | 25455
11001 | USB Revr AGC DBM |-122,7% [-131,99 |-129, 51 =105,411-132,06 [-127,95 |-128, 62(-124, 43 =126, 04
11002 | USB Xmtr Pwr WTS 1.60 0,29 1.54 1.53 1,556 1.56 1,563 1.66 1,44
11003 | USB Revr Error | KHZ, 21,79 -21,32] -23,25( ~1%, 01 =21.76 | ~21,44 | -21,94] -22,44]| -23,02
11004 | USB Xpond Temp |DGC 22,92 22,64 25,064 20,11 25,371 387.31 26,061 26,51 N0
11005 | USB Xpond Press | pst 15,91 15,91 15,42 15,494 15,90 16,72 16,00 16,06 16,19
11007 { USB Xmtr A ~15V {\VDC ~-15,20| -15,20 ** e 4 4 4 ' 4
11008 | USB Xmtr B -15V | vDC v *4 -156.20| ~15,20] -15,20 -15,20 =-15,20f ~15,20) -15,20
11109 | USB Range -15\ |vDC 14,76 | ~14,76 | ~14,55 | ~14, 58 -14, 68| -14, 5» =14.58] -14, 581 ~14, 5
11101 | PMP Pwr A Volt |\DC ~-15,12 | -15,18 b b . LA *4 1) ‘.
11102 | PMP Pwr B Volt |VDC b *e =15,12 | 15,12 ~15,12) -15, 11 ~16.121 -15,10] -15,12
11103 [ PMP Temp A DGC 30,44 | 30, 2¢ 26,601 26,001 206,62] 43,53 25,981 28, 60| 82,67
11104 | PMP Temp B DGC *e s 31,64 [ 31,67 31,12] 47,5 33,39 33,2 37.04

*+Units Not in Use

L8-1
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. SECTION 10
ELECTRICAL INTERFACE SUBSYSTEM (EIS)
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SECTION 10
ELECTRICAL INTERFACIE SUBRYSTEM (F15)

Auxiliary Processing Unit (APU) consisting of Search Track Data, Time Code Data, and Backup Timers,
opurated satisfactorily throughout this report period, Telemetry for the APU is shown i ‘Table 10-1, The
APU is in Normal mode,

Table 10-1, Landsat-1 APU Toelemotry Funetions

orbit e
Functions | Deseription | Ualt T SR oise 1 obazad | 20u64 1 aag0k 24618 26000 | 20400

O B Asdttba it »

13200 L AP, 24,5 VD | s2h o0 <24,00] —2 00 ) <2 o F-2000 ] Lag g0 | =24, 80 | =24, 80 | <24, 80
voe

ar01 [ APU, -1z [vDe | -izios]| czoos] cazoof f-rzio6 [S12,00 | <1205 | 12,06 | 12,00 1 =12, 00
Volts

1202 | APU Temp, | DGC 250401 26,05 27015 ] 26082 27080 49,45 27,57 27,33 RETRIR]

The Power Switching Module (PSM), containing the switching relays for power to Oroit Adjust, MSS, WBVTR
No. 1 and No, 2., RBV and PRM, functioned normally, The MSS power circuits have been operating on a
regular basis throughout this report period. The power relay for the RBV remained in a failed closed con-
dition since Orbit 196.

The Interface Switching Module (ISM) performed all switching normally during this report period,

ORIGINAL PAGE B
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SECTION 11

THERMAL SUBSYSTEM (I'HIM)
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SECTION 11

THERMAL SUBSYSTEM (THM)

The Thermal Subsystem continues to operate satisfactorily,

Since the time of launch, the right sun sensor on Landsat-1 has registered temperatures higher than
expceted, This is due to the p: «ticular location and bonding techniques used for the sensor. During
Orbit 4396 (3 June 1973) telemetry function 7101 (THM THO7 ST1) became disabled when four
telemetry gates mounted on one integrated circuit chip failed.

Landsat-1 experiences an annual cycle of high and low temperatures due to a combination of high sun
intensity and sun angle, and to longer satellite days, The cycles of sun angle and length of satellite
day reach higher and higher peaks in successive years due to the drift in the satellite's orbital plane.
During February 1977, Landsat-1 experienced high temperatures, especially along bays 11 through 17,
which are normally warmer than others,

During this report period the sun intensity ranged between 0, 989 and 0. 969 of ihe mean annual value
and the spacecraft temperatures decreased. Figure 11-1 shows a typical thermal profile for average
bay temperatures of the sensory ring at the end of this report period.

Table 11-1 shows average analog telemetry values from data recorded on the NBR, for selected
orbits since launch,

The compensation load configuraﬁon on Landsat-1 has been switched several times to balance tem-

peratures among spacecraft components, A history of compensation load switching is given in
Table 11-2,

IL.8-1 11-1 2
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Figure 11-1,

T.andsat-1 Sensorv Ring Thermal Profile
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Table 11-2, Landaat-1 Compensation Load History

Compensation Load Status*

0

0

0

X

0
0

0

1

X

X

0

Orbits

Launch

118

156
194
197
701

1410

3484

3644

3646
4177

6872
6966
8291
8348
8449
8472

8538
8928
9898

10410

11125

11126
11127
11133
12604

13208

15584
22487
23118

OFF

X - ON; O

*Note:

L.8-)
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SECTION 12
NARROW BAND TAPE RECORDERS (NBR)
Narrowband Recorder-A operated satisfactorily during this report period, and has provided coverage for
MSS real-time operations as well as approximately 3-1/2 hours daily of normal orbital telemetry recording
and playback functions,
Table 12-1 gives cumulative operating hours for both recorders by modes, and Table 12-2 gives typical tele-
metry values,
Table 12-1, NBR Operating Hours by Modes, l.andsat-1
NBR ON OFF Playback Record
A 17,980 25, 960 722 17, 258
B* 11,909 12,666 476 13,433
* Not used since Orbit 15,253, 22 July 1975
Table 12-2, Narrowband Tape Recorder Telemetry Values, Landsat-1
Function Typical Telemetry Values - Orbits
3750~
No, Name 6 3751 10862 10256 20870 22928 24615 20036 2636%
10001 | A - Motor Cur, (ma)
Record 180,10 | 189,20 | 186,31 | toz.68 | 1we,c0 | 183,26 184,34 186,20 | 183,26
p/B 180,00 | 178,69 | 180,00 | N, A, 12,60 | 186,41 146, 41 178,30 19m, 41
10101 | B - Motor Cur, (ma)
Revord 193, 26 193,04 108,05 ] 198,95 . + . » »
P/B 184,18 185, 44 187, 84 202,11 ¢ . 4 . .
10002 | A - Pwr Sup, Cur, (ma)
Record d24, 56 338,20 Jau, 81 524 G135, 20 343,14 343, 1% 343,24 341,74
P/B 235,78 508, 48 HT, T NJA, AT 00 86,97 6T, 90 569, 4% 976,47
10102 | B - Dwr Sup, Cur, (ma)
Record 317,62 336,05 W, 00 M6, TS * + . * .
P;B 370,78 | 39,68 | 967,50 | GM0,.51 * U . . .
1003 | A - Ree, Temp, (DGC) 26,17 $1L40 24,60 22,00 20, 80 25,448 20, 02 20,26 PN
10108 | B - Ree, Temp, (DGC) e a8 | ozaonn | oaman | 2w 18, 4o 21,2 17,40 R 1=, 40
1001 | A - supply (VDC) ITTVRT 2N RETURT I RETONTION RTINS ERURTYNTIN [ VRUTIN IRe PR 24,07 24,0
10104 | B - Supply (VD) | oo foeanae | |osiie | -2 24,71 24,71 04,70
N.A, - Data not available
¢ - Nodata, NBR-B out of service
Ls-1 12-1, 2
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SECTION 14
«,,'?; } WIDEBAND TELEMETRY SUBSYSTEM (WBTS)
The Wideband Telemetry Subsystem has operated nominally in this report perjod,
. Table 13-1 shows typical telemetry values since launch, All are nominal,
: Figure 13-1 is the AGC history at Goldstone. The scatter of data points reflects variations in the ground
station calibration and readout,
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SECTION 14
ATTITUDE MEASUREMENT SYSTEM (AMS)
Tho AMS subsystem was launched in the OFF mode and encrgized in Oebit 6, Jts perlormmee sinee
Orbit 6 has heen without fncident,  Attitude measurements made with the ANM! are in pood aprecment

with ACS fine attitude orror measurements,

Table 14-1 gives typical AMS telemetry values,  All are nominal,

Table 14-1. Landsat-1 AMS Temperature Telemetry

| Orbits
Function Description Units| 35 5099 | 10182 | 152564 [ 208064 | 22028 | 24618 F2H000 1 2,020
3004 Case-Temp 1 DGC | 18,92 | 19,42 119,71 {18.64 [ 18,231 19,09 | 17,02 [ 16,94 17,2~
3005 Assembly-Temp 2 | DGC | 19,15 | 19,76 [19,96 [ 18,73 | 18,51 | 10, 0% 117,24 117,23 [ 17,04

—~———

Le-1 14-1 2
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SECTION 15
WIDEBAND VIDEO TAPF. RECORDERS (WBVTR)
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S8ECTION i5
WIDEBAND VIDEO TAPE RECORDERS (WBVTR)

WBVTR-2 has not been operated since its {aflurc in Orbit 148, 3 August 1972,
WBVTR-1 wae removed from operational service aftor Orbit 9881, 2 July 1974, hecause of high minor

frame sync orror counts, The recorder has rematned inactive since suspension of engineering tests
after Orbit 10861, 10 September 1974,

L.S-1 15-1/2
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RETURN BEAM VIDICON (RBV)
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SECTION 16
RETURN BEAM VIDICON (RBV)

"The RBV has not been roactivated since Orbit 196, but it is capable of operation through individual
component power switching, An assossmont of the RBV performance was glven in ERTS-1 Flight Evalua-

tion Report 23 July to 23 October 1972,

16-1 2
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MULTISPECTRAL SCANNER SUBSYSTEM (MSS)
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SECTION 17

MULTISPECTRAL SCANNER SURSYSTENM (MSS)

‘The MSS Subsystem is now operating in only three of its four spectral hands, all above 0, 6 micro-
meters wave length, Band 1 (0,5 to 6§, 6 micrometers), the green hand, was turned off hecause of
a failure, probably in the 15V power supply, on March 3, 1977 during Orbit 234»0,

AISS was returned to service, 3 bands only, during Orbit 23469 on 7 April 1977, The Cal Lamp
current shows a drop from 1,12 to 1,10 TMV, but this telemetry point reflects ground returns
from other current to cause this apparent drop, Computer printouts of sensor response to cal
lamp generation of the cal wedge show identical response level before and after the failure. The
19 \DC supply shows a rise of 70 ma, consistent with the hypothesis of a partial short in the :15
VDC power supply. -

Figure 17-1 shows the number of scenes imaged at each yeographical location in e first three
vears of operation, Figure 17-2 shows the number of scenes imaged since the first three vears,
Figure 17-3 shows scenes imaged in this report period. In these maps, only those scenes
received by 11, S, ground stations are shown. Scenes transmitted to Canada, Brazil and Italy
(44" of total) are not shown,

‘Table 17-1 shows typical MSS Telemetry Values for this report period, Table 17-2 shows the history of

sensor response to a constant input radiance level, Each sensor is sampled at 5 radiance levels, and
all show essentially the same trends. Only one of these levels (the second highest) is listed in
Table 17-2. Sensor 20 aas declined most (247) sincc launch,  This is twice the average sensor decline.

Line length history is also shown in Table 17-2.

Sun ealibrations, performed every two weeks, continue to show nominal performance.
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Figure 17-1, Computer Map of MSS Scenes for
First Three Years Operation - Landsat-1
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